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FLIP CHIP SEMICONDUCTOR DEVICE IN A 
MOLDED CHIP SCALE PACKAGE (CSP) AND 

METHOD OF ASSEMBLY 

FIELD OF THE INVENTION 

[0001] This invention relates to packaging of a semicon 
ductor device and more particularly to a method for manu 
facturing an encapsulated ?ip chip on ?ex ?lm package. 

BACKGROUND OF THE INVENTION 

[0002] The demand for a reduction in siZe and an increase 
in complexity of electronic components has driven the 
industry to produce smaller and more complex integrated 
circuits (ICs). These same trends have forced the develop 
ment of IC packages having smaller footprints, higher lead 
counts, and better electrical and thermal performance. At the 
same time, these IC packages are required to meet accepted 
industry standards. 

[0003] Ball grid array (BGA) packages Were developed to 
meet the demand for packages having higher lead counts and 
smaller footprints. A BGA package is typically a square 
package With terminals, normally in the form of an array of 
solder balls, protruding from the bottom of the package. 
These terminals are designed to be mounted onto a plurality 
of pads located on the surface of a printed circuit board, or 
other interconnection substrate. 

[0004] For many applications such as an increasing num 
ber of portable electronic components (cellular phones, disk 
drives, pagers, etc.) even BGA packages are too large. 
Consequently, solder bumps are sometimes deposited 
directly onto the IC chip itself and used for attachment to the 
circuit board (commonly referred to as direct chip attach). 
HoWever, there are a number of problems associated With 
this approach, and it has not achieved commercial success. 

[0005] Another class of packages has been developed to 
address many of the small siZe and improved performance 
issues. This class is referred to as chip scale packages or 
CSP. Chip scale packages are so called because the total 
package area is similar to, or not much larger than the siZe 
of the IC chip itself. Chip scale packages are similar to 
BGAs in that solder ball terminals are typically disposed 
underneath the package area. One example of a CSP is a 
product developed by Tessera called “MICRO BGA”®. This 
product consists of a ?exible circuit having leads bonded to 
the chip and With a soft compliant elastomer layer betWeen 
the chip and the circuit. 

[0006] Another CSP design, such as Texas Instruments’ 
Micro Star® package illustrated in FIG. 1 includes a semi 
conductor chip Wire bonded to a ?exible tape, and the 
assemblage overmolded using a plastic encapsulant. 

[0007] As an alternate, Motorola’s SLICC and JACS-Pak 
devices shoWn in FIG. 2 include a ?ip chip attached to an 
organic substrate. Such devices provide a desired electrical 
performance enhancement due to the very short leads, but 
lack the robustness of a fully packaged device because the 
chip back side has no, or only minimal dielectric covering. 
Pick and place equipment of the end user requires a robust 
and someWhat standardiZed package form factor, such as 
molded plastic packages Which have been familiar to the 
industry for many years. 
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[0008] A comprehensive revieW of CSP package designs, 
along With the advantages and shortcomings is given by Lau 
and Lee John H. Lau and Shi-Wei Ricky Lee, Chip Scale 
Package (CSP) Design, Materials, Processes, Reliability, 
and Applications, McGraW-Hill, NeW York, 1999. 

[0009] From a revieW of the available package designs and 
manufacturing processes, it is obvious that the industry 
needs a very small outline package having the loW induc 
tance performance advantages offered by ?ip chip intercon 
nection, a manufacturing technology compatible With high 
volume and loW cost processing, and a robust, user friendly 
plastic molded package. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the invention to provide a robust 
molded chip scale package having a chip With bumped ?ip 
chip interconnection to a ?exible ?lm substrate. 

[0011] It is an object of the invention to provide a high 
performance, high speed, loW inductance package. 

[0012] It is further an object of the invention that inter 
connections on the substrate alloW fan-in and fan-out of 
input/output contacts betWeen the chip contacts and the 
package contacts so that the length and resistivity of inter 
connections is minimiZed. 

[0013] It is an object that the package be compatible With 
required reliability standards, and therefore, the package is 
aimed primarily at small area chips. 

[0014] It is an object of the invention to provide a manu 
facturing method amenable to assembly of multiple semi 
conductor devices in a continuous process ?oW, and having 
some steps performed simultaneously. 

[0015] The objectives of the invention are met by provid 
ing an electronic package Which includes a ?exible polymer 
?lm having electronic circuitry patterned on one or both 
major surfaces, a bumped ?ip chip integrated circuit 
attached to the ?rst surface, an array of solder balls to the 
second surface, and the device encapsulated in a plastic 
molding compound. An assembly and packaging method for 
fabrication of such integrated circuit devices Wherein mul 
tiple devices are encapsulated simultaneously on a continu 
ous polymer ?lm, thereby providing a method compatible 
With high volume and loW cost manufacturing, is disclosed. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 is a Wire bonded chip scale package design 
of the prior art. 

[0017] FIG. 2 is a ?ip chip device of the prior art. 

[0018] FIG. 3 is a cross sectional representation of a chip 
scale package of the current invention. 

[0019] FIG. 4 illustrates the loW resistivity electrical 
interconnection path of the current invention. 

[0020] FIGS. 5a through 5e provide a schematic repre 
sentation of the process ?oW of the current invention. 

[0021] FIG. 6 is a schematic representation of multiple 
device molding process of the current invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a cut aWay vieW of a molded chip scale 
package, Micro-Star® BGA, having an integrated circuit 
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chip 10 positioned With its active surface 101 Wire bonded 
11 to a ?exible tape substrate 12. The ?exible tape substrate 
includes bonding lands 15 and conductive traces 16 on the 
?rst or chip side surface 121. The chip 10 is af?xed to the 
?exible tape substrate 12 by a polymeric adhesive 13, and is 
electrically interconnected to the substrate by Wire bonds 11. 
Vias through the interposer alloW connection of the bond 
Wires 11 and conductive traces 16 on the ?rst surface 121 to 
solder balls 17 on the opposite or second surface 122 of the 
substrate 12. Solder balls 17 are attached to vias by a solder 
paste, and are the contacts to a printed circuit board (PCB) 
or alternate next level of interconnection. An epoxy molding 
compound 18 encapsulates the top and sides of the chip and 
the bonding Wires, and provide the form factor of a plastic 
package, as Well as environmental and mechanical protec 
tion for the device. 

[0023] It can be seen from FIG. 1 that the package is 
necessarily larger than the chip in order to include the bond 
Wires 11 and lands 15 Within the molded plastic encapsula 
tion 18. It can also be seen that the electrical routing of the 
circuitry is as folloWs; chip circuits are routed to bond pads 
101 near the chip perimeter by means of thin ?lm Wafer 
processing technology, Wire bonds 11 connect the bond pads 
101 to lands 15 on the ?ex tape perimeter, conductors 
patterned from the bond Wire lands are fanned-inWardly by 
conductive traces 16 on the ?rst surface of the tape to vias 
located under the chip, and the vias in turn provide connec 
tion to an array of solder balls 17. While the package is 
small, the electrical routing and interconnections contribute 
to increased inductance, and thus sloWer operating speed of 
the device. 

[0024] In FIG. 2, a CSP including a ?ip chip on a substrate 
or interposer 22 is illustrated. The integrated circuit chip 20 
includes a plurality of solder bumps 21 re?oW connected to 
lands and conductive traces 26 on the substrate 22. Vias 29 
through the substrate provide a path for connection With 
solder balls 27 on the opposite side of the substrate. An 
under?ll material 28, typically an epoxy or modi?ed poly 
mer ?lled With inorganic particles is disposed under the chip 
to surround the solder bumps 21, and ?ll the space betWeen 
chip and substrate. Under?ll materials are used in the 
industry to mitigate stresses on solder joints resulting from 
mismatch in thermal expansion betWeen silicon chips and 
printed circuit boards. The device is completed by af?xing 
solder ball 27 package contacts on the opposite side of the 
substrate. Substrates materials of inorganic, semi-rigid lami 
nate, and ?exible ?lms have been reported. 

[0025] This ?ip chip device offers the advantages of 
minimum inductance, and thus provides a potentially high 
speed packaging concept. HoWever, the bare chip backside 
has been found to be susceptible to both electrical and 
mechanical damage. Electrical damage occurs as a result of 
foreign objects shorting to the semiconductor chip backside, 
and as a result of ESD. Mechanical damage to the brittle 
silicon results from handling, Which in turn limits the use of 
automated pick and place equipment. If a thin conformal 
coating Were applied to the chip backside, as has been the 
case in some CSP devices, it does not eliminate the incom 
patibility With pick and place equipment. A further problem 
With the package is damage to the exposed substrate Which 
can readily be peeled from the under?ll and chip by 
mechanical contact and/or ?exing. 
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[0026] Preferred embodiments of the device and method 
claimed in the current disclosure are illustrated in FIGS. 3 
through 6, Wherein a series of integrated circuit chips 
having a plurality of solder or other bump contacts are 
electrically and mechanically attached to a ?exible tape or 
?lm in strip form. An under?ll material is disposed betWeen 
each chip and tape to add mechanical support to the ?ip chip 
contacts. The tape assemblage including a plurality of 
bonded chips is positioned in a mold press and molding 
compound injected to cover the sides and backside of the 
chips, leaving the unassembled surface of the tape exposed 
for solder balls Which serve as package input/output con 
nections. The molded package provides mechanical stability, 
as Well as environmental protection to the device. 

[0027] This device provides a complete CSP packaging 
solution having loW inductance interconnections, a robust 
molded package, and capability to meet reliability require 
ments of small area integrated circuits. As Will be discussed 
later, the manufacturing processes are compatible With very 
high volume, loW cost assembly techniques. 
[0028] FIG. 3 is a cross-sectional vieW of a plastic molded 
chip scale package produced by the method of the invention. 
An integrated circuit chip 30 having one or more conductive 
bump 31 contacts af?xed to the active surface 301 of the 
chip is attached to metalliZed lands on the ?rst surface 321 
of a tape interposer 32. An under?ll material 34 is disposed 
betWeen the chip 30 and interposer 32, and surrounds the 
bump contacts 31. An epoxy molding compound 38 sur 
rounds the chip sides and backside, and is adhered to the 
exposed ?rst surface of the interposer 32. An array of solder 
balls 37 are electrically and mechanically attached at the 
vias to the second surface 321 of the ?exible interposer. In 
the preferred embodiment, a solder paste ?lls and surrounds 
the vias 323, thereby providing the attachment and conduc 
tion mechanism. 

[0029] Bump contacts 31 on the chip preferably are eutec 
tic solder spheres. Alternately conductive polymeric bumps, 
lead free solder bumps, or other pre-formed spheres of a 
readily solderable material provide contacts. A number of 
options for bumps Which are amenable to processing at 
temperatures equal to or loWer than that of eutectic solder 
are available in the industry. The bump contacts are prefer 
ably arrayed on the active area of the chip surface in a 
manner Which minimiZes on-chip bussing, and consequently 
reduces resistivity of interconnection circuits. Alternately, 
the bump contacts are positioned near the chip perimeter, or 
in the center of the chip. Bumps are typically in the range of 
15 to 150 microns in diameter. 

[0030] In the preferred embodiment, the interposer 32 is a 
?exible dielectric ?lm having a ?rst second major surface 
With conductive interconnection patterned on the ?rst sur 
face. The dielectric tape 32 is preferably a thermally stable 
polymer of the polyimide family, commercially available as 
KAPTONO® or Upilex, and is in the range of 15 to 75 
microns thick. The conductive patterns 326 on the ?rst 
surface 321 include a plurality of lands Which mirror the 
chip bump positions, and a series of conductive routing 
patterns 326 to vias 323 Which extend through the tape to the 
second surface 322. Device speci?c conductive patterns 
such as bussing structures for multiple poWer or ground 
contacts are included in some embodiments. 

[0031] A solder paste screened around and into the vias 
323 on the second surface 322 provided a mechanism for 
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attaching solder balls and making electrical connection 
betWeen the chip and package input/output contacts. 

[0032] In an alternate embodiment, conductive patterns on 
the second surface 322 include an array of solderable 
metalliZed lands at the terminus of vias 323 to Which solder 
balls are attached. 

[0033] Routing of chip bump interconnections may be 
fanned inWardly to mate With vias and solder balls, or may 
be fanned outWardly as needed to minimiZe length and 
resistivity of the interconnections. Conductor patterns 326 
and lands typically comprise a loW resistivity metal, such as 
copper, in the range of 12 to 40 microns in thickness. 

[0034] Solder balls 37 are arrayed on the exposed or 
second surface of the interposer in a pattern consistent With 
industry standards, and are typically at 0.5 or 0.8 mm pitch. 

[0035] The preferred embodiment shoWn in FIG. 3 
includes a ?exible tape 32 having conductors patterned on 
the ?rst major surface 321, but it should be recogniZed that 
the invention is not limited to this structure, but can also be 
an interposer having one or more conductive levels. 

[0036] The embodiment in FIG. 3 includes an under?ll 
material 34 disposed betWeen the chip 30 and interposer 32, 
and surrounding the bumps 31. Preferably the under?ll 
material is a thermosetting resin, such as an epoxy With 
inorganic particulate matter to control thermal expansion 
and thixotropic properties. Under?ll materials provide 
mechanical stability to the device and minimiZe damage to 
solder bumps resulting from mismatches in expansion 
betWeen the silicon chip having a thermal coef?cient of 
expansion of 2.3 PPM and the PCB at typically betWeen 7 
and 25 PPM. 

[0037] As shoWn in FIG. 3, a plastic molded body 38 
surrounds the perimeter and backside of the chip 30, and 
covers the exposed ?rst surface of the interposer. The 
molded body is in the range of 0.25 to 0.6 mm in thickness 
on top of the chip, thus providing a CSP having a total device 
thickness of less than 1 mm, and having the sides and length 
about 0.25 to 0.5 mm larger than those of the chip. The 
molding compound is a thermosetting epoxy resin loaded 
With inorganic particulate matter. 

[0038] The rigid plastic encapsulation provides electrical 
and mechanical protection for the chip, it adheres to the 
interposer or substrate, thereby avoiding peeling during 
handling or thermal exposure, and it provides a better 
thermal match to the PCB than a bare silicon chip. Further, 
the plastic package provides a familiar and convenient 
surface for automated pick and place equipment. 

[0039] The CSP device in FIG. 3 includes a plurality of 
solder balls 37 With routing to electrically contact the chip, 
and the balls in turn provided an electrical connection to the 
next level of interconnection, typically a PCB. Solder balls, 
are spherical in shape, and are in the range of 0.25 to 0.6 mm 
in diameter. Solder balls 37 preferably are a eutectic solder, 
but are not limited to this composition, and instead are 
consistent With printed circuit board assembly technology, 
Which may include lead free solders. 

[0040] The molded ?ip chip CSP of the current invention 
provides a loW inductance interconnection scheme neces 
sary for many high speed integrated circuit devices. The 
interconnection path of the preferred embodiment includes 
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an area array con?guration of loW resistivity on-chip bump 
contacts positioned to minimiZe bussing by thin ?lm met 
alliZation typically used in chip fabrication. Short, broad 
bump contacts minimiZe resistivity of the chip to interposer 
connection, and relatively Wide and thick interposer con 
ductors of a very loW resistivity material provide a loW 
resistance path to vias. Alternate embodiments of bump 
contacts include perimeter or center locations. 

[0041] FIG. 4 is an example of an interconnection path for 
a single device on the ?rst surface 441 of a ?ex ?lm 41. 
Contact pads 42 are positioned to correspond to chip bump 
locations. The pads are routed to vias 43 by relatively thick 
conductive interconnections 44. An option dictated by spe 
ci?c circuit designs may include multiple chip connections 
to a common interconnection pattern 45. The vias 43 are 
arrayed in a pattern conforming to industry standards for ball 
contacts, and are Within the perimeter of the chip as depicted 
by dashed line 49. Solder ?lled vias 43 provide connection 
to solder balls on the second surface of the interposer ?lm. 
Interconnections on the interposer both fan-in and fan-out 
betWeen the chip contacts and vias so that the length and 
resistivity of the interconnection is minimiZed. 

[0042] Finally, short, broad solder balls on the second 
surface of the interposer provide contacts to a PCB or other 
next level of interconnection, and result in a semiconductor 
device having loW resistivity interconnections and induc 
tance. 

[0043] Many CSP devices knoWn in the industry have 
realiZed limited commercial success not only because the 
packages lack robustness necessary for automated board 
assembly, but also because the manufacturing technology is 
not compatible With high volume production techniques 
knoWn in the industry, and therefore, the manufacturing 
costs are excessive. 

[0044] The preferred method and manufacturing process 
How of the disclosed ?ip chip molded CSP includes sprocket 
driven transport of the substrate or interposer in strip form. 
Figures 5a through 56 schematically illustrate the major 
assembly steps Which are an ef?cient and cost effective 
method of production, and are compatible With high volume 
manufacturing requirements. 
[0045] In FIG. 5a, a plurality of IC chips 50 having bump 
contacts 51 are aligned to receiving pads on a patterned 
?exible ?lm substrate 52, and the bumps are adhered to the 
substrate or interposer by thermal processing, preferably a 
solder re?oW procedure knoWn in the industry. In Figure 5b, 
an under?ll material 54 is dispensed under each chip, and the 
polymeric material is partially or fully cured using an inline 
thermal or light source. Fully cross linking the polymeric 
under?ll is not necessary, but instead a quick cure method to 
“b” stage the polymer is acceptable at the step. 

[0046] In FIG. 5c, plastic encapsulation 58 of the semi 
conductor chips 50 attached to the ?rst surface of the ?exible 
tape 52 is accomplished by injecting a molding compound 
into a mold press ?tted With a die having one or more 
cavities, each of Which includes provisions for a large 
number of devices to be encapsulated simultaneously. 

[0047] As illustrated in FIG. 6, a strip of interposer 62 is 
positioned in a mold die having one or more cavities 61, and 
each cavity is designed to mold multiple devices 60 in a 
single molded unit. The molded unit is outlined by the mold 
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cavity 61. The devices are separated by saWing or other 
singulation procedures through the mold compound and 
?lm. 

[0048] In an alternate embodiment, each cavity includes a 
plurality of recesses designed to mold individual packages 
simultaneously. An example of devices molded by the 
alternate embodiment is depicted in FIG. 5a' Wherein the 
mold compound 58 surrounds only the back and sides of 
each circuit device supported on ?ex ?lm 52, and the molded 
devices are physically separated by a section of the ?lm. The 
alternate embodiment alloWs easy separation of the devices 
by cutting or punching in the X and y directions through only 
the ?exible tape separating the devices. 

[0049] Note in FIG. 6 that edge perforations 66 in the 
interposer tape support sprocket transport, and alloW con 
tinuous assembly of a plurality of packaged devices. The 
?ex tape interposer holds the devices and provides clamping 
locations for the mold press. In an alternate embodiment, 
strips of tape are transported in carriers through the assem 
bly process. 

[0050] Mold processes and materials, typically a ?lled 
epoxy resin, are consistent With those used throughout the 
industry for encapsulation of semiconductor devices. The 
polymeric materials, both under?ll and molding compound 
are cured simultaneously using a batch thermal process. 

[0051] As shoWn in Figure 5d, solder balls 57 are attached 
at the vias 53 on the second, or unencapsulated surface 522 
of the interposer 52. In the preferred embodiment, a solder 
paste is screened into the vias, and has a small overlap onto 
the surrounding surface. Solder balls are attached to the 
paste and are secured using a suitable method, including for 
example, heating and re?oW using any conventional means 
such as IR, convection, or vapor phase. 

[0052] FolloWing ball attachment, the assemblage is then 
separated in both the X and y direction through the molding 
compound and tape to form the individual CSP devices 500, 
as shoWn in FIG. 56. Singulation is accomplished using any 
suitable excising method such as, for example optical or 
mechanical cutting, saWing, or punching through the mold 
compound and tape. 

[0053] The preferred embodiment of a molded ?ip chip 
CSP having loW inductance interconnections is fabricated in 
a cost effective manner using the assembly techniques 
disclosed. HoWever, it should be understood that the various 
modi?cations may be made from the details herein Without 
departing from the spirit and scope of the invention as set 
forth in the appended claims. 

What is claimed is: 
1- A method for assembling multiple plastic molded ?ip 

chip packaged semiconductor devices having loW induc 
tance interconnections comprising the steps of; 

a) aligning and attaching a plurality of semiconductor 
chips having bump contacts to a strip of ?exible tape 
interposer, Wherein said interposer is a dielectric tape 
having a plurality of lands corresponding to chip bump 
contacts and conductive interconnections patterned on 
the ?rst major surface, and routed to vias extending 
through the tape to the second surface, 

b) applying a polymeric under?ll material betWeen each 
chip and interposer, and partially curing the polymer, 
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c) injecting a plastic molding compound to ?ll one or 
more cavities in a mold die Wherein a plurality of said 
chips connected to an interposer are positioned, and 
curing said molding and under?ll compounds, 

d)attaching a plurality of solder balls to the terminals of 
said vias on the second surface of the interposer, and 

f) singulating the assemblage into individual devices. 
2- A method as in claim 1 Wherein said bump contacts on 

the semiconductor devices are arrayed in the active area of 
the chip. 

3- A method as in claim 1 Wherein said bump contacts 
comprise eutectic solder. 

4- A method as in claim 1 Wherein said bump contacts 
comprise a lead free solderable sphere. 

5- A method as in claim 1 Wherein said chip bump 
contacts are in the range of 15 to 150 microns in diameter. 

6- Amethod as in claim 1 Wherein said ?exible interposer 
comprises a polymer of the polyimide family. 

7- Amethod as in claim 1 Wherein said interposer includes 
solder paste applied into and around vias on the second 
surface. 

8- Amethod as in claim 1 Wherein said interposer includes 
a plurality of patterned solder ball lands on the second major 
surface surrounding the vias, and connected to conductive 
interconnections on the ?rst surface. 

9- Amethod as in claim 1 Wherein said interposer includes 
perforations for sprocket and reel transport. 

10- Amethod as in claim 1 Wherein said interconnections 
on the interposer comprise copper. 

11- A method as in claim 1 Wherein said interconnections 
fan-in, fan-out, or a combination of directions. 

12- Amethod as in claim 1 Wherein said interconnections 
include common ground or poWer contacts. 

13- Amethod as in claim 1 Wherein said under?ll material 
comprises an epoxy polymer. 

14- A method as in claim 1 Wherein multiple devices are 
molded simultaneously as a single unit in each mold die 
cavity. 

15- A method as in claim 1 Wherein each cavity in the 
mold die includes a plurality of recesses for molding indi 
vidual devices, and Wherein the molded devices are physi 
cally separated by a section of ?exible tape. 

16- A method as in claim 1 Wherein said plastic molding 
compound comprises an epoxy resin. 

17- A method as in claim 1 Wherein the packaged semi 
conductor device comprises a Chip Scale Package (CSP). 

18- A loW inductance, molded CSP (chip scale package) 
semiconductor device including: 

a) a bumped integrated circuit chip positioned as a ?ip 
chip, 

b) a ?exible ?lm interposer, 

c) an under?ll material, 

d) a molded epoxy encapsulation, and 

f) external solder ball connectors. 
19- A molded semiconductor device as in claim 14 

Wherein said device is less than 1 mm thick, and the sides 
and length are in the range of 0.25 to 0.5 mm greater than 
said chip dimensions. 


